Background/Objective: Pressure injuries are a common yet largely preventable complication of hospitalisation. Whilst occupational therapists commonly prescribe pressurerelieving devices to reduce these risks, evidence to support clinical decision-making is limited. The purpose of this study was thus to examine research literature as to the efficacy of pneumatic cushions for general acute/subacute patient populations. Methods: A systematic search of various databases was conducted, and the literature was then appraised using standardised inclusion/exclusion parameters. Results: Three randomised controlled trials were identified that met search criteria. Conclusion: Whilst there is currently preliminary evidence to support the effectiveness of pneumatic pressure-relieving cushions as compared to standard foam, specific recommendations as to a preferred make/model of cushion for use within general hospital settings are not supported at this time.
Introduction
Pressure injuries are a common yet largely preventable consequence of hospitalisation, often resulting in significant patient morbidity and mortality (Carlson, Emmons, Falone, & Preston, 2011) . They are formally defined as 'localized injury to the skin and/or underlying tissue usually over a bony prominence as a result of pressure, or Funding/support: No financial support was received for the work described in this article. Conflicts of interest: This study is not affiliated with any particular equipment supplier/brand, and the authors declare that they have no conflicts of interest. pressure in combination with shear and/or friction (NPUAP & EPUAP, 2009, p. 12 )', with prevalence within the Australian context estimated to be between 11.0% and 17.6%, consistent with the rates reported in other international studies (CEHSEU, 2006) .
The treatment of pressure injuries requires specialised and coordinated medical, surgical and therapeutic interventions to promote optimal wound healing and reduce the risk of further deterioration or recurrence (Carlson et al., 2011; Graves, Birrell, & Whitby, 2005) . Invariably, treatments of this nature are costly and resource-intensive. Together with the economic impacts of increased hospital length of stay and risk of secondary complications (including sepsis, cellulitis, bone/joint infection and abscess), these costs place further burden on an already stretched healthcare system (Dealey, Posnett, & Walker, 2012; Graves et al.) . A 2005 Australian study by Graves et al. estimated that the opportunity cost of lost bed days associated with pressure injury incidence is approximately AU$285 million per annum, a figure that is only expected to increase with an ageing population and increased demand for health services.
Occupational therapists are commonly involved in the prescription of pressure-relieving seating surfaces (including cushions, seat pads, back-rests and mattresses) for pressure injury prevention and intervention. These pressure-relieving devices are generally used in addition to other wound management and risk-reduction strategies, such as skin care, dressings, repositioning and patient transfer techniques (McInnes, Jammali-Blasi, Cullum, Bell-Syer, & Dumville, 2013) . Although there are multiple types of pressurerelieving seating surfaces on the market, there is a clear lack of reliable evidence to support the relative benefits of these expensive equipment items (Russell & Reynolds, 2000) . As a result, clinicians often utilise the same pressure-care products regardless of the patient's clinical presentation, and have varying levels of understanding of the evidence base supporting their use. Similarly, consideration of other important prescriptive factors, such as appropriate equipment set-up, use and monitoring, staff training, infection control requirements and financial cost, are often neglected or incorrectly applied.
Given the high prevalence of pressure injuries within hospital settings, and the associated clinical and financial implications of their management, a clear need exists for evidence-based practice guidelines for optimal prescription of pressure-relieving seating products by occupational therapists. The release of the Pan Pacific Clinical Practice Guideline for the Prevention and Management of Pressure Injury (AWMA, 2012) and the National Safety and Quality Health Service Standards (ACSQHC, 2012) also provide further impetus for evidence-based research to underpin the delivery of high-quality pressure injury interventions within inpatient settings. This paper thus presents the findings of a systematic review of current research in pressure-relieving seating for general acute/subacute inpatient populations, with a specific focus on determining the effectiveness of pneumatic (air-filled) cushions, and identification of specific types of pressurerelieving cushions for optimal pressure injury prevention and management. Analysis of the clinical transferability of research results for occupational therapy practice and recommendations for future study in this area are also discussed.
Methods

Search strategy and search terms
Between July and October 2013, a comprehensive search of the literature was conducted using Medline Complete, Cinahl Plus, Embase, the Cochrane Library and OT Seeker databases. PICO (population, intervention, comparison, outcome) search terms were tailored to each individual database, using both individual key words and multiple 'Boolean' search strategies (i.e., using 'and' and 'or') (refer to Appendix 1). Articles obtained were then initially screened by title to ensure basic applicability, and then further reviewed by abstract to determine specific relevance to the research question.
Reference lists obtained from key literature were also reviewed to reduce the likelihood of any missed studies, as well as the use of citation tracking and key author searches.
Inclusion and exclusion criteria
Strict inclusion criteria were applied to this systematic review as follows:
Comparative research involving any type of pneumatic pressure-relieving cushion Studies examining pressure-relieving cushions used in conjunction with standard seating or wheelchairs in any environmental setting Studies involving participants aged 18 years and over and with any grade of pressure area Articles published in English between 1990 and present Studies were excluded from review if they focused on paediatric populations, neurological/spinal cord diagnoses, pressure care mattresses and/or the management of heel pressure ulcers. These exclusions were made on the basis that all research studies obtained needed to be representative of a general, aged patient population.
Quality assessment and risk of bias
The titles and abstracts of the search results were assessed for eligibility and relevance by two independent reviewers (AF & AB). Full copies of potentially relevant studies were then obtained, and again double-reviewed against the study inclusion criteria.
The methodological quality of the articles selected was evaluated using the PEDro rating scale (CEBP, 2010) . Interrater agreement for the two reviewers was recorded, and any disagreements were resolved via direct discussion (refer to Appendix 2).
Data extraction
A standardised form was developed to ensure that uniform review criteria were applied to each study, including participant characteristics, patient population, study setting, recruitment procedures, intervention type/duration, outcome measures, results and adverse events. This process involved independent extraction of the data by Reviewer 1 (AF), with Reviewer 2 (AB) then checking the data for accuracy. If discrepancies were evident between the reviewers, the original study was examined a second time.
Data analysis
Owing to the limited number of studies identified for inclusion, and their respective small sample sizes, it was not deemed appropriate to complete a meta-analysis of the data obtained. Hence, descriptive statistics were used to compare study results.
Results
The PRISMA flow diagram is shown in Figure 1 . The initial search strategy yielded a total of 602 articles, which were then refined to 162 articles through title screening and removal of duplicates. Abstract review subsequently reduced this number to 67, and following the application of inclusion/exclusion criteria, both reviewers agreed that 21 articles were suitable for full review. No further articles were added from reference scanning and citation tracking.
Of the 21 full-text articles assessed for final eligibility, 18 articles were excluded on the basis of their weak methodological design, limited transferability to the population group of interest, and failure to further add to the research aims of our study. Thus, only three research articles were assessed as being appropriate for inclusion: (a) ; (b) ; and (c) Brienza et al. (2010) . These three studies were all randomised controlled trials (RCTs) comparing foam versus various pneumatic seat cushions for pressure injury prevention. Table 1 shows a summary of the characteristics of these three included studies. In their small pilot RCT, Geyer et al. (2001) did not specify the brand/model of air-filled pressure-relieving cushions that were used, other than confirming compliance with the Health Industry Manufacturers Association (HIMA) cushion classification system (Groups 5e7). Although they reported no statistical differences in pressure injury incidence, total days to ulceration and initial peak interface pressure between the convoluted foam and pressure-relieving intervention groups, these Full-text ar cles assessed for eligibility (n = 21)
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findings must be interpreted in the context that participants assigned to the foam cushion group failed to meet the required minimum sitting time of 6 hours per day on more occasions than the pressure-relieving group (p < .05). A statistically significant difference was noted between groups for pressure injury location, with participants seated on pneumatic cushions recording no ischial pressure injuries, in comparison to eight for the foam cushion group (p < .005). The authors further examined various factors influencing pressure injury location, and found that peak interface pressure (p < .05) and postural asymmetries (p < .001) were more predictive of pressure injury site for the foam cushion group.
Data were also examined on the basis of outcome, to form 'pressure injury' versus 'no pressure injury' cohorts. Although both of these groups were similar in terms of Braden score, days at risk and compliance with sitting time of longer than 6 hours per day, the 'pressure injury' cohort recorded higher measures of initial peak interface pressure (p < .001), suggesting an association between higher interface pressure and increased risk of pressure ulcer development.
Similar to Geyer et al.'s (2001) study, Brienza et al. (2001) did not specify the exact make of pneumatic seat cushions under review, and also identified a clear relationship between the ability of a cushion surface to distribute pressure for wheelchair users and the rate of acquired pressure injury. Interface pressure for individuals using convoluted foam cushions was higher than for those seated on pneumatic cushions (on both measure of peak pressure and average of four highest recorded pressure readings), and was associated with an increased risk of developing a sitting-acquired pressure injury (p < .01). However, consideration should be given to the fact that this finding was based on retrospective analysis of the data.
The later study by Brienza et al. (2010) was enhanced by the inclusion of a larger sample size and sufficient detail of the three pressure-relieving cushions (using air/viscous foam/gel or gel/foam media) in use by the intervention group: (a) ROHO Quadtro Select cushions; (b) Jay J2 Deep Contour cushions; and (c) Invacare Infinity MC cushions. However, it is unclear as to the exact numbers of participants assigned to each of these cushion types. Whilst this study found that a lower incidence of ischial pressure injury was associated with the use of these various seat cushions compared to segmented foam cushions (0.9% vs. 6.7% incidence, p Z .04), participants randomised to the foam cushion group were of poorer ambulatory ability than those assigned to the intervention group (p Z .03). However, when the combined incidence of ischial and sacral pressure injuries was examined, no statistically significant difference was demonstrated between the groups (p Z .14).
Discussion
Based on the review of these three RCTs, there is preliminary evidence to show that pneumatic pressure-relieving cushions are more effective in reducing sitting interface pressure compared to standard foam surfaces. In turn, pneumatic seat cushions were associated with a reduced incidence of ischial pressure injury in general, aged (Agency for Healthcare Policy and Research, 1992) -Days to ulceration e number of days to ulceration -Risk e Braden scale (Braden & Bergstrom, 1994) sensing array pressure mapping device, at initial assessment and post any subsequent seating adjustment populations. However, there was limited evidence to support the benefit of pneumatic seat cushions in the prevention and management of sacral pressure injuries. Whilst these results provide occupational therapists practicing in general acute/subacute inpatient settings with some clinical direction, the lack of research pertaining to the relative effectiveness of various types of pneumatic cushion design is currently a significant barrier to optimal product selection. The prescription of pressure-relieving products is an inherently complex process, which requires the occupational therapist to not only consider the efficacy of a given product type, but to examine the product in the context of a dynamic interaction between an individual patient and their environment. At the most basic level, this means that a pressurerelieving product only has the potential to be effective when it is used consistently and correctly. Thus, the clinical prescription process is broader than selecting an 'evidencebased' pressure-relieving cushion. The occupational therapist is required to clearly establish the individual's occupational performance level, routine and roles, as well as consider their, and/or their carers', capacity to manage the associated fitting, maintenance and monitoring requirements associated with optimal cushion inflation and positioning (Coats-Bennett, 2002) . From this, we can deduce that the study of a cushion's effectiveness in isolation from other factors that influence prescription and use is also a significant omission in research within this area, and limits the transferability of results for occupational therapy practice.
In the current climate of finite healthcare resourcing, it is essential that evidence-based interventions consider the economic cost-benefits of use. As previously stated, the high incidence of pressure injuries within hospital settings is a major health issue worldwide (Dealey et al., 2012) . The significant financial burden associated with pressure injury management, together with the adverse health, functional and quality of life impacts for patients, provide strong impetus for prevention strategies and interventions to reduce the risk of pressure injury, and potentially limit increasing health service expenditure (Graves et al., 2005) . In the context of occupational therapy practice, this requires consideration of the clinical effectiveness versus the cost of various pressurerelieving seat cushions, and identification of those diagnostic populations who are most likely to derive the greatest benefit from their use and the financial investment. Similarly, if patients are not utilising pressurerelieving cushions as prescribed, they are potentially receiving little to no clinical benefit, which further adds to the economic impact of this public health issue.
Further research is thus recommended to first establish the most effective pressure-relieving media (i.e., foam, air, gel) and related cushion designs. The complexity of individual prescription factors could then be examined for specific diagnostic groups and functional contexts/environments, and culminate in the development of practice guidelines driven by evidence. Given our holistic focus on the physical, cognitive, psychosocial and environmental needs of individuals, occupational therapists provide a unique clinical perspective on prevention and management, and moving forward are thus well placed to contribute to the research base in this area.
Limitations
The low quantity of high-quality research literature applicable to this practice area is a clear limitation of this systematic review. Despite a comprehensive search strategy, only two pilot and one full RCT examining the use of pneumatic pressure-relieving cushions against a comparative intervention met our study inclusion criteria. All three RCTs examined the use of pneumatic cushions within nursing home environments. Whilst nursing home residents do invariably account for a proportion of general hospital admissions, it is likely that their healthcare status and functional abilities are not truly representative of the broader hospital inpatient population, which in turn may affect the clinical transferability of our review findings.
Methodological issues pertaining to the definition of the intervention under study were also noted within and between the three trials. Geyer et al. (2001) and Brienza et al. (2001) both provided inadequate detail as to the exact specifications of the pneumatic cushions under study, other than stating that the cushions were compliant with Groups 5e7 within the HIMA classification system. Although Brienza et al. (2010) did report the make/model of the three different pneumatic cushions used within the intervention arm of their study (i.e., ROHO Quadtro Select, Jay J2 Deep Contour and Invacare Infinity MC cushions), the relative allocation of these different cushions within the intervention group was not described. The small sample sizes of the two pilot RCTs by Brienza et al. (2001) and Geyer et al. are also of significant concern, and are likely to have had an impact on the statistical power of the studies to detect an actual effect for the interventions under review. The low participant numbers across all three studies subsequently prevents the use of a statistical meta-analysis, which further limits the strength of our review.
Although the results of our review provide some preliminary evidence to support the benefits of pneumatic pressure-relieving cushions over a standard foam comparator, the methodological issues in study design must be considered when interpreting and applying these results to the clinical practice setting. Further large-scale and highquality RCT studies are thus recommended to support the development of definitive practice guidelines for the optimal prescription of pressure-relieving cushions.
Conclusion
In summary, pressure injuries are a common consequence of hospital admission worldwide, and given the significant clinical and economic impacts, remains a priority area for enhanced prevention/management strategies, including the optimal use of pressure-relieving devices. The findings from this systematic review of three RCTs provide occupational therapists with preliminary support for the use of pneumatic pressure-relieving cushions for general hospital patient populations, as compared to standard foam cushions. However, specific recommendations as to a preferred make/model of pneumatic cushion are not supported by evidence at this time. Further high-quality and robust research considering both the clinical and economic implications of cushion prescription is thus required, to build a strong evidence base upon which to inform practice at both a clinician and organizational level. Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments were received). There was blinding of all subjects.
Yes
There was blinding of all therapists who administered the therapy.
There was blinding of all assessors who measured at least one key outcome.
Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups. All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analysed by "intention to treat". 
